ABSTRACT Relaxation of Xenopus 5S plasmid DNA (pXlo8) in the presence of transcription factor (TF) IIIA reduces the linking number of the DNA. Parallel experiments with plasmid pMB9 or cloned hepatitis B viral DNA indicate a degree of nonspecific unwinding by TF; however, 60% of the effect observed for pXlo8 is due to specific interaction of TF IIIA with the 5S rRNA gene internal promoter sequence. The extent of unwinding (0.2-0.4 helical turn per TF IIIA binding site) is not consistent with the complete denaturation of the 50-base-pair TF binding site; however, it is consistent with a change in helix rotation, denaturation of 2-4 nucleotides per binding site, or DNA wrapping about a protein core. We show that proteins other than TF IIIA (bovine serum albumin and RNase) have no effect on the linkdng number of DNA when present during relaxation and that the unwinding activity associated with TF is heat labile. These results suggest that TF IIIA may facilitate transcription by altering the helical configuration of 5S DNA. 
The 5S ribosomal RNA genes of Xenopus provide a well-defined system for investigating the protein-mediated activation of a eukaryotic gene. There are two major classes of 5S rRNA genes: the somatic type, present in 400 copies per haploid genome, and the oocyte type, present in 20,000 copies per haploid genome (for review and references, see ref. 1) . Although the somatic-type genes are transcribed in most cell types, including oocytes, the oocyte-type genes are active only during oogenesis and early embryogenesis. Both are transcribed by RNA polymerase III to give rise to a 120-nucleotide-long transcript that does not undergo sequence excision or post-transcriptional modification.
The 5S rRNA genes in oocyte chromatin are transcribed accurately by purified RNA polymerase III, whereas 5S DNA is not (2) . However, 5S DNA will be correctly transcribed upon injection into Xenopus oocytes (3) or by using cell-free extracts of oocytes or somatic cells (4, 5) . Such in vitro transcription systems have allowed the identification of certain regulatory components. By constructing cloned deletion mutants of 5S rRNA genes, Brown and co-workers (6, 7) defined a region within the 120-base-pair (bp) gene (from residues +50 to +83) that is essential for accurate initiation of transcription. A 37,000-dalton protein, designated transcription factor (TF) IIIA, was shown by Engelke et al. (8) to bind this central promoter region (from residues +45 to +96) and to be required for 5S rRNA transcription.
During oocyte maturation, TF associates with 5S RNA to form a 7S particle (9) . This is thought to be a self-regulating device by which increasing concentrations of 5S RNA reduce the amount of TF available to bind the gene. (10, 11) . In most cases, these proteins do not interact with specific DNA sequences but instead have a general affinity for single-stranded DNA. Recently Escherichia coli catabolite gene-activator protein (CAP), which binds near the promoter sequences of several operons, has been postulated to facilitate transcription by converting right-handed B-type DNA to the left-handed form (12) . The predicted unwinding activity was not observed, however, in studies utilizing purified CAP and plasmid DNA containing the lac promoter (13 (8) , was judged by NaDodSO4/acrylamide gel electrophoresis to be 30% pure. Activity was monitored by performing in vitro transcription assays with egg extracts supplemented with the TF preparation (8) polyacrylamide gels (14) . DNA was digested with DNase I in the presence and absence of TF IIIA as described by Engelke et al (8) . Reactions were stopped after 90 sec at 220C with 0.5 vol of 1% NaDodSO4/45 mM EDTA, pH 8.0. After heating at 950C for 2-5 min, the, samples' were extracted with phenol, and the DNA was precipitated with ethanol. Dried. samples were redissolved in 95% formamide/10 mM NaOH, heated to 950C for 2 min, and subjected to electrophoresis in 8% polyacrylamide/8.3 M urea gels (17) (8) to 30% purity (Fig. 1A) . RNA polymerases, in this procedure, do not copurify with TF IIIA. This TF preparation was shown to supplement extracts of Xenopus eggs, which lack significant amounts of TF IIIA, such that in vitro transcription of 5S DNA was possible (not shown; see figure 2 of ref. 8) . TF IIIA protected a region within the oocyte-type 5S RNA gene (residues 45-90) from DNase I digestion (Fig. 1B) , as has been reported by Engelke et al (8) . The regions of protection were not precisely the same on both strands: protection extended from nucleotides +45 to +84 on the noncoding strand and from nucleotides +48 to +90 on the coding strand. but were found at different locations on the two strands. An enhanced cleavage was found at residue +45 on the coding strand, whereas enhanced sites were found at residues +54, +66, and +88 on the noncoding strand. Thus, TF IIIA interacted with 5S DNA in an asymetric manner.
In the experiments described below, we used a plasmid, pXlo8, containing four tandem repeat units of the oocyte-type 5S rRNA gene. Each repeat unit contains one copy of the gene and one copy of a pseudogene sequence (1). The pseudogene consists of the first 101 bp of the gene, including the TF IIIA binding site. Form I supercoiled pXlo8 was relaxed by incubation with wheat germ topoisomerase I. The relaxed plasmid (Fig. 2, lane 1) was resolved by agarose gel electrophoresis into a series of bands whose densities followed a Gaussian distribution. Each band represents a closed circular DNA molecule that differs from the adjacent band by one superhelical turn (19) .
Relaxed pX1o8 was incubated with increasing amounts of TF IIIA. After incubation, the DNA was treated with a second round of topoisomerase I. This resulted (Fig. 2) in an increase in the superhelical density of the plasmid. Densitometric scans (Fig. 3) showed that the center of the band distribution (arrows) shifts by as much as 4.0 superhelical turns relative to DNA relaxed in the absence of TF; Lane 3 of Fig.  2 (Fig. 2, lane 6) , there was no shift in superhelical density. The presence of bovine serum albumin (100 /ig/ml) or RNase (10 gg/ml) during DNA relaxation produced no detectable shift in banding pattern (Fig. 2, lanes 4 and 5) .
Identical experiments were performed with pMB9, the vector sequence present in pXlo8. When relaxed pMB9 DNA was incubated with TF IIIA and then treated with a second round Of topoisomerase, a small increase in superhelical density (0.8 superhelical turn) was observed (Fig. 4A, lanes 1 and 2) . A second control plasmid, containing HBV DNA sequences in- serted into pBR322, was chosen for its similarity in size to pXlo8. The presence of TF during relaxation of cloned HBV DNA resulted in a shift of 1.5 superhelical turns (Fig. 4A,  lanes 3 and 4) . Nonspecific binding by TF resulted in a reduction in linking number of 0.15-0.2 turn per kb for pMB9 (5.3 kb) or cloned HBV DNA (7.5 kb) . This compares to a reduction of 0.5 turn per kb for the 5S DNA-containing plasmid, pXlo8 (8.2 kb).
We have noted that the observed increase in superhelicity represents negative, rather than positive, supercoils as is consistent with an unwinding activity. By unwinding activity, we mean any alteration of the DNA at the time of relaxation that leads to a reduction in the linking number. If DNA is relaxed in the absence of Mg2" and subsequently is electrophoresed in low-temperature Mg2+-containing gels, the degree of helix rotation is increased, causing the relaxed DNA to acquire several negative superhelical turns. The Gaussian distribution of topoisomers is then well-resolved from the nicked position, centering at approximately five negative superhelical turns. Any increase in superhelicity due to the presence of TF during relaxation then represents additional negative supercoils, whereas a decrease in superhelicity would indicate positive supercoils. Using low concentrations of TFJIIIA, so as to elicit ashluIt of only 1-2 superhelical turns, we found an increase in superhelicity, indicating negative supercoils (Fig. 4B) . DISCUSSION Our results indicate that TF HIlA -alters the helical configuration of 5S DNA in a manner consistent with unwinding activity. Relaxation of 5S plasmid DNA in the presence of TF causes the DNA to become more negatively supercoiled. Although the observed effect is largely specific for 5S DNA sequences, there is a significant degree of nonspecific unwinding. We showed that proteins other than TF, including bovine serum albumin and RNase, have no effect on the linking number of DNA when present during relaxation and that the unwinding activity associated with TF is heat labile. (23) , although in the latter case there is conflicting evidence (24) .
Our results suggest that a eukaryotic sequence-specific DNA binding protein promotes transcriptional initiation by altering the helical configuration of DNA, either by unwinding the helix or by wrapping in a left-handed manner. Because the 5S rRNA genes are transcribed by RNA polymerase III, their regulatory mechanisms differ somewhat from those of genes transcribed by RNA polymerase II, most notably by the inclusion of a promoter region within the 5S rRNA gene coding sequence. It is nevertheless possible that certain fundamental aspects of transcriptional control, relevant to the 5S system, will be common to other eukaryotic sequences.
